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(71) We. The Rank Organisation 
Limited, a British Company, of MiDbank 
Tower, Millbank, London, S.W.1, do hetOyy 
declare the invention, for which we pray 
that a patent may be granted to ns, and 
the method bv whidh it is to be performed, 
to be particmarly described in and by the 
following statement: — 

This mvention relates to a system for 
guiding the pilot of an aircraft manoeuver- 
ing on the ground. 

In modem airports equipped with spedal 
terminal facilities it is important that air- 
craft should be manoeuvred under pilot con- 
trol to precisely defined parking positions 
relative to service facilities, such as passen- 
ger embarkation gangways, refuelling points, 
and other ground services. Where aircraft 
of different types are intended to use a given 
parking bay the aurcraft will in general have 
different stopping positions in the bay. To 
assist the pilot in parking an aircraft in the 
bay it has been known to provide suitable 
markings indicating to the pilot the stop- 
ping pomt for aircraft of different types: m 
"jeneral, however, such markings are im- 
^atisfactory since they are critically d^end- 
ent upon the quality of the pilot's eyesight, 
and upon the prevailing atmospheric visi- 
bility. It is not possible with remote ex- 
ternal visual markings to msme that an 
aircraft stops in a parking bay vntbin two 
feet of the correct position, whidh is the 
order of accuracy required for the parking 
of an aircraft in modern terminal facilities. 

An optical guidance system has been pro- 
posed for assisting the ground-manoeuvering 
of an aircraft by a pUot into a correct park- 
ing position. In this system an illuminated 
marker is observed by the pilot of an ap- 
pioadung aucraft and the position of the 
marker on an illuminated screen provides 
the pilot with an indication of his position 
relative to a correct parking position for that 
aircraft; the pilot manoeuvres the aircraft 
until the illuminated marker is coincident 
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with the appropriate fixed marker, when the 
aircraft wul be in tiie correct parking posi- 
tion. 

A disadvantage of this previously known 
optical ground-guidance system is that it has 
insufficient precision and does not allow 
for the consistent parking of an aircraft at a 
specified parking or docking position, at 
least withm the tolerance (± two feet) 
allowed due to variations of loading of 
individual aircraft Since the system relies 
upon the pilot bemg able to align two 
markers the system is, moreover, critically 
dependent upon the pilot's eyesight, and 60 
upon atmospheric visibility conditions. 

An object of the present invention is to 
provide an improved system for the guidance 
of ground-manoeuvering aircraft 

According to the invention there is pro- 
vided a system for guiding the pilot of an 
aircraft manoeuvering on the ground to- 
wards a parking bay or other fixed ground 
position, comprising an illuminated target 
which is positioned behind a fixed stop aper- 
ture at a predetermined position relative to 
the fixed ground position such that lie target 
is viewable throu^ the stop aperture by the 
pilot of an approaching aircraft, along a 
line of sight which is inclined to the direc- 
tion of approach of flie aircraft so that as 
the akcraft advances different portions of 
tiie target come successively into the pilot's 
view, the target and its position being specific 
to one particular akcraft type and having 
differentiy coloured or otherwise distingitish- 
able zones the relative areas of which as 
viewed through the stop aperture indicate 
to the pilot of an aircraft of that type the 
aircraft's position relative to the fixed 
ground position. 

Since the target which is viewed by the 
pilot of an aircraft is specific to one type of 
aircraft the display given by the system is 
unambiguous, and moreover the relative 90 
sizes of the differentiy coloiued or otherwise 
distinguishable areas of the illuminated target 
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can be arranged for ease and accurate obser- 
vation by the pilot, virtually independently 
of atmospheric visibility or the quaUty of the 
pilot's eyesight. For example^ the system 

5 would normally be arranged so that the 
target has two differently coloured zones the 
areas of which become e(}ual when the air- 
craft is in the correct position. This condi- 
tion is in general easier to observe with pre- 

10 cision than an alignment of a marker with 
one of a number of different fixed markers, 
I)articularly in poor visibility. 

In a preferred practical embodiment of 
the invention the stop aperture includes at 

15 least one fixed reference mark which the 
pilot sees superimposed on the target as the 
aircraft approaches the 6xed ground posi- 
tion, the region of the target which the refer- 
ence mark obscures when viewed by the 

20 pilot changing progressively as the aircraft 
approaches the fixed ground position. For 
example, the reference mark may comprise 
a fixed horizontal masking member extend- 
ing centrally across a stop aperture, and the 

25 r^ion of the target which is obscured by the 
reference mark when the aircraft is in tiie 
correct ground position may itself be promi- 
nent and distinguishable from the remainder 
of the target. For example, the target may 

30 have a horizontal white stripe separating 
differently coloiu'ed zones of the target, and 
the horizontal masking member may obscure 
this white stripe when the surcraft is correctiy 
positioned, giving a precise and imambiguous 

35 visual indication to the pilot 

To improve the parallax between the stop 
and the target the stop aperture is prefer- 
ably defined by a lens assembly throu^ 
which light from the illuminated target 

40 passes to produce in the line of sight of the 
pilot a virtual image of the target spaced 
further behind the stop aperture than the 
target itself. The lens assehbly may con- 
venientiy consist of a single converging lens. 

45 The target preferably comprises a flat 
graticule of transparent or translucent ma- 
terial illuminated from behind. The rear 
illumination of the graticule is preferably 
effected by a light source which muminates 

50 the target graticule through a fibre-optical 
light guide. The fibre-optical light guide 
ma^r illuminate the target graticule through 
an integrating rod and a condenser lens in 
a preferred practical embodunent of the in- 

55 vmtion. 

In a preferred embodiment of the inven- 
tion, as mentioned above, the target has 
upper and lower differently coloured or 
otherwise distinguishable areas separated by 

60 a horizontal boundary so tiiat when the air- 
craft advances over the ground along a 
correct approach line including the foed 
ground position the pilot sees one or the 
other area predominantiy according to 

SS whether the aurcraft is short of, or has over- 



shot, the fixed position. This arrangement 
is adapted for indicating the correct stop- 
ping position of an aircraft on a given line 
of approach to. for example, a parking bay. 

The invention is, however, also applicable 70 
to the guidance of an aircrsift lat^ally with 
respect to a given correct line of approach. 
For this purpose the target in the system 
according to the invention would have at 
least one region which is divided into two 75 
diSerentiy coloured or othenvise distinguish- 
able areas separated by a vertical boundary, 
the tai^ as viewed by the pilot of an ap- 
proadbJng aircraft comprising predominanUy 
one or the other area accordmg to whether 80 
the aircraft is on one side or the other of a 
correct approach line, both areas being equal 
and symmetrically disposed when the air- 
craft is on the correct approach line. Thus 
one of the said areas may conveniently be 85 
red and the other green, the red area being 
predominant in the target as seen by the 
pflot when the aircraft is to the left of the 
correct approach line and the green area 
being predominant when the aircraft is to 90 
the right of tiie correct approach line. 

In a practical system in accordance with 
the invention it can be arranged that the 
illuminated target provides a simultaneous 
indication of both the lateral position of an 95 
aircraft relative to a correct approach line, 
and the stopping position of tiie aircraft on 
that approach line. 

Where the system is employed in an air- 
craft parking area such as a terminal facility 100 
designed for use by a number of aircraft of 
different types, the system would include a 
number of different assemblies of targets 
and associated stops each specific to a par- 
ticular aircraft type and identified as such 105 
by suitable marking, the different targets 
being positioned to guide the pilots of differ- 
ent respective aircraft types to different re- 
spective fixed ground positions. 

The invention will now be described, 110 
merely by way of example, with reference 
to the purely diagramamtic drawings accom- 
panying the Provisional Spedfication, in 
which: 

Figure 1 illustrates the principle of oper- 115 
ation of a simple embodiment of the present 
invention; 

Figure 2 represents three successive dis- 
plays as seen by the pilot of an approaching 
aircraft at positions designated A, B and C 120 
in Figure 1; 

Figure 3 is a typical practical embodiment 
of one of the beacons used in a system 
according to the invention; 

Figure 4 represents diagrammatically the 125 
displays observed by a pilot at different posi- 
tions as indicated on an approach path to a 
parlcing or docking position; 

Figure 5 is a diagrammatic side elevation 
of a parking bay equipped with beacons 130 



1.449^22 



3 



fonmng part of a system according to the 
invention for the docking guidance of differ- 
ent types of aurcraft, as indicated; 
Figure 6 represents di^ammatically the 
5 successive views of the display seen by the 
pilot of an aircraft of a given type (VC 10) 
on its approach to a correct psirking position 
in the bay illustrated in Hgure 5; and 
Figure 7 illustrates the successive views 

10 seen by the pilot of an aircraft using a 
system according to a further embodiment 
of the invention for providing an indication 
of the correct approach path and stopping 
position of an airoraft in a parkmg or dock- 

15 ing facility. 

Referring first to Figures 1 and 2. the 
principle of operation of the system accord- 
ing to the mvention is an application of the 
familiar phenomenon of optical parallax. 

20 The solid line P represents lie horizontal 
ground surface of a parking bay in which 
an aircraft of a given type is to be parked 
or docked at a specific stopping position S. 
The system according to the present in- 

25 vention provides an illummated beacon 1 
which is mounted in a fixed position above 
the ground level, for example on a wall of 
the parking bay. The beacon 1 indudes a 
flat taiget 2 which is inclined to the vertical 

30 and which faces downwardly towards tiie 
direction of approach of aircraft into the 
parking bay. A stop 3 is located in front of 
and parallel to the target 2 and has a circu- 
lar aperture 4 through which the imderlying 

35 target 2 is visible. 

The level of the eyes of a pilot approach- 
ing the parking bay is indicated by the chain- 
dotted line AB. If the pilot observes the 
beacon 1 as the aircraft enters the parking 

40 bay the parallax between the stop 3 and the 
underlying target 2 will cause different areas 
of the target 2 to be visible at different posi- 
tions on the approach, as illustrated in Figure 
1. The target 2 is subdivided by a hori- 

45 zontal Ime into equal zones of different 
colour, an upper red zone and a lower green 
zone. Consequentiy the pilot wiU observe a 
progressive change in the rdative areas of 
the red and green zones visible through the 

50 aperture 4 as the aurcraft enters the parking 
bay. In the example illustrated, when the 
aircraft is short of the correct stopping dist- 
ance, with the pilot at A. the portion of the 
target seen by the pilot is predomtnanfly 

55 green, while the portion of the target 2 seen 
by the pilot at B when the aircraft has over- 
shot the correct stopping position S is pr&* 
dominantiy red. At the correct stoppmg 
position S of the aircraft the display seen by 

60 the pilot at C consists of equal red and gieen 
areas. The pilot therefore has an un- 
ambiguous mdication of his correct stopping 
position in the parking bay. The successive 
displays seen by the pilot at pomts A, C and 

65 B are illustrated in Figure 2. 



It is desirable that the correct stopping 
position of tile akcraft should be signalled 
to the pilot with suflScient accuracy to enable 
the aurcraft to be stopped consistentiy within 
two feet of a predetermmed fixed position 70 
m the parking bay. in order to ensure cor- 
rect positionmg of the aircraft relative to 
service facilities such as passenger embark- 
ation ramps. A tolerance of ± two feet is 
allowed to take into account variations m 75 
tiie height of tiie pilot's eye level AB relative 
to the ground, for example upon variation 
of the loading of an aircraft of a given type. 

To provide for such precision in the dock- 
ing of an aircraft the beacon 1 illustrated in 80 
Figure 1 in a rudunentary form pr^erably 
has an optical arrangement as illustrated m 
Figure 3. In Figure 3 the target 2 consists 
of a transparent graticide having equal upper 
and lower areas of different colour (red and 85 
green respectively) separated by a horizontal 
white stripe 5 (Figure 4). The target grati- 
cule 2 is illuminated from behind by light 
durected onto the graticule from a remote 
light source (not shown) through a fibre- 90 
optical light guide 6, an integrating rod 7, 
and a condenser lens 8. The illuminated 
target graticule 2 is observed through the 
stop aperture 4 which in this embodiment is 
provided by a bi-convex collimator lens 9 95 
which is positioned relative to the graticule 
2 such that a distant observer, for example 
the pilot of an aircraft approadiing a park- 
mg bay. sees a virtual image of the graticule 
2 positioned in a plane 2^ spaced furtiier 100 
from the lens aperture 4 than the graticule 2 
itself, thereby inoreasmg the observable 
parallax between the stop aperture 4 and 
the target as seen by the aircraft pilot. 

Positioned du'ecfly in front of the colli- 105 
niator lens 9, and extending horteontally and 
diametrically across the stop aperture 4, is 
a horizontal maskmg member 10 whidi is 
positioned so that when the aircraft is at the 
correct stoppmg position in the parking bay 110 
It masks completdy the white strip 5 s^ar- 
ating the green and red zones of the target 
gratiwile 2. By vutue of tiie magnification 
afforded by flie lens 9 the sensitivity of the 
sjretem can be infinitely variable, tiie moment 115 
of masking of the stripe 5 by the masking 
member 10 as seen by the pilot at the cor- 
rect stopping position can be as accurately 
defined as is required. 

The successive displays seen by the pilot 120 
of an approaching mrcraft viewmg a beacon 
of the kmd illustrated in Figure 3 are illus- 
trated diagrammatically in Figure 4. The 
distribution of the coloured zones of the 
observed image of the target graticule 2 rela- 125 
tive to the horizontal maskmg member 10 
indicate to the pilot whether he is approach- 
ing the correct position or has passed it. 
while the maskmg of the white stripe 5 by 
the member 10 provides a critical indication 130 



4 



1,449.522 



4 



to the pilot of the accurate stopping position 
(3c). 

When an aircraft parking or docking 
facility is intended for use by a number of 
S (Merent ^es of aircraft the fl^stem accord- 
ing to the invention may be smtably adapted 
by providing a beacon assend>ly incorporat- 
ing a number of beacons as previously des- 
c^bed, each beacon bdng spedfic to an 
10 aircraft of a given type. In the arrangement 
illustrated diagrammatically in Figure 5 the 
beacons appropriate to aircraft of different 
types are arranged in a v^cal array. The 
correct stopping positions of different types 
15 of aircraft are illustrated diagrammaticallv 
m Figure 5 by short horizontal lines, each 
of which represents four feet, being the 
allowable tolerance in the positions of the 
pilot's eyes when the aircraft is correctiy 
20 docked, the respective lines of sig^t between 
the pilot's eyes when the ^kciBSt is correctiy 
docked and the respective beacons are indi- 
cated in Figure 5. 
Figure 6 illustrates the successive displays 
25 observed bv a pilot of a given aircraft, in 
this example a VC 10. approaching the cor- 
rect parking position (Figure 5) with all the 
beacons of the vertical array illuminated. 
The optics of eadi beacon are arranged so 
30 that the illuminated target graticule is visible 
only within a given angle of view relative 
to the axis of the optical system, so that 
when the pilot is well outside the correct 
position the target in qustion is not illumi- 
35 nated. as indicated by the colour key in 
Figure 6. The individual displays appro- 
priate to given aircraft types are marked 
dearly on the array of beacons, and the fact 
that different beacons are juxtaposed to 
40 each other provides the pilot of a given air- 
craft with a convenient warning of his ap- 
proadi to the correct parking position. Thus 
as illustrated in Figure 6 the pilot of the 
approadiing VC 10 first sees an illumma- 
45 ted display appropriate to the D.C8, then 
the B.707, and subsequentiy the Concorde, 
before the VC 10 target display appears in 
the correct form indicating the stopping posi- 
tion (Figure 6(E) ). 
50 The present invention is readily adaptable 
to the guidance of aircr^ laterally relative 
to a given correct approach path. For tiiis 
puipose the illuminated target is further sub- 
divided symetrically into two halves of dif- 
55 ferent colour separated by a vertical line. In 
the embodiment illustrated in Figure 7 the 
lower half of the target 2 is subdivided into 
two equal areas coloured respectively green 
and red, separated by a vertical white stripe 
60 12 which intersects the horizontal white 
stripe 5, forming a T. Above the horizontal 
white stripe 5 the target is coloured blue, so 
that the taiget has three readily distinguish- 
able coloured zones separated by wlute 
65 stripes. In this embodiment the masking 



member 10 has the shape of a T. with a 
vertical bar which, in the correct lateral posi 
tion of the aircraft on the correct approadx 
hne to the parking position masks the verti- 
cal white stripe 12. If the aircraft is to the 70 
right of the correct approadi One the lower 
part of the observed display is predomin- 
antiy green (Figure 7b) while if the ahcratt 
is to the 1^ of the correct approach line tiie 
lower part of tiie observed display is pre- 75 
dominantiy red. When the aircraft is cor- 
rectiy docked the T-shaped maskmg mem- 
ber completely obscures the white stripes 5 
and 12, as illustrated in lugure 7e. 

In a multi-beacon installation of the kmd 80 
illustrated in Figure 5 for the docking guid- 
ance of a number of different aircraft types, 
it may be found preferable in practice to 
provide individual beacons of the kind illus- 
trated in Figures 3 and 4, and a separate 85 
beacon indicating the correct approach line, 
with a vertically subdivided target, since this 
approach line would in practice be the same 
for aircraft of all types. 

It will be appreciated that the invention 90 
can altematively be embodied with beacons 
which, instead of being positioned above the 
eye level of aircraft pilots is positioned below 
eye level, and/or to one side of tiie approach 
Une of the aircraft, provided that a change 95 
in parallax between an aperture stop and an 
observed target is seen as the pilot ap- 
proaches the correct parking position. 

In a typical practical ^bodiment of the 
invention the optics of each beacon would 100 
provide an observable beam witii a spread 
of about 7**. and where more than one 
beacon is provided it would be arranged 
that at any one tune at least one illuminated 
beacon is within the pilot's view. Typically 105 
eadi illununated beacon would come into 
view about 10 feet before the correct stop- 
ping position is reached. Where there is 
additional provision for lateral guidance 
relative to a correct approach line it may be 110 
convenient to arrange a greater angle of 
spread of the beam provided by the beacon 
indicating lateral position so that the lateral 
alignment beacon is visible by the pilot over 
a greater distance from the correct Ime of 115 
approach. 

WHAT WE CLAIM IS:— 
1. A system for guiding the pilot of an 
aircraft manoeuvering on the ground to- 120 
wards a parking bay or other fixed ground 
position, comprising an illuminated target 
which is positioned behind a fixed stop aper- 
ture at a predetermined position relative to 
the fixed ground position such that the target 125 
is viewable through the stop aperture by tiie 
pilot of an approaching aircraft, along a 
line of sight which is inclined to the direc 
tion of approach of the aircraft, so that as 
the aircraft advances different portions of 130 
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the target come successively into the pilot's 
view, the target and its position being specific 
to one particular aircraft ty^e and having 
differently coloured or otherwise distinguish- 
5 able zones the relative positions of which as 
viewed through the stop aperture indicate 
to the pflot of an aurcraft of that type the 
ahx:raft s position relative to the fixed 
ground position. 

10 2. A system according to Gaim 1, in 
which the stop aperture includes at least 
one fixed reference mark which the pilot sees 
superimposed on the target as the aircraft 
approaches the fixed ground position, the 

15 region of the target whidi the reference mark 
obscures when viewed by the pilot changing 
progressively as the aircraft approaches the 
fixed ground position. 

3. A system according to Qaim 2. in 
20 which the reference mark is afforded by a 

fixed horizontal masking member extencung 
centrally across the stop aperture. 

4. A system according to any one of 
Claims 1 to 3, in which the stop aperture is 

25 defined by a lens assembly through which 
light from the illuminated target passes to 
produce in the line of sight of the pilot a 
virtual image of the target spaced further 
bdund the stop aperture than the target 

30 itself. 

5. A system accordmg to Claim 4, in 
wfaidi the lens assembly comprises a dngle 
converging lens. 

6. A system according to Claim 4 or 
35 Claim 5. in whidi the target compiises a fiat 

graticule of transparent or tran^ucent ma- 
t^ial illuminated from bdund. 

7. A system according to Claim 6. in 
whidi the rear illumination of the graticule 

40 is effected by a light source which illumin* 
ates the tai^et ^aticule through a fibre- 
optical light guide. 

8. A system according to Claim 7, in 
which the fibr&optical light guide illuminates 

45 the target graticide throu^ an integrating 
rod and a condenser lens. 



9. A system according to any one of the 
preceding claims, in which the target has 
upper and lower differently coloured or 
otherwise distinguishable areas separated by 50 
a horizontal boundary so that when ^e air- 
craft advances over the ground along a cor- 
rect approach line the pilot sees one or the 
other area predominanfly according to 
whether the aircraft is short of, or has over- 55 
shot, the fixed position. 

10. A system according to any one of 
the preceding claims, in whidi the target has 
at least one region which is divided into two 
differenfly coloured or otherwise distinguish- 60 
able areas separated by a vertical boundary, 

the tai^et as viewed by the pilot of an ap- 
proaching aircraft comprising predominantly 
one or the other area according to whether 
the aircraft is on one side or the other of a 65 
correct approach line, both areas being 
equal and symmetrically disposed when the 
aircraft is on the correct approach line. 

11. A system according to Claim 10, in 
whidi one of the said areas is red and the 70 
other green, the red area being predominant 

in the target as seen by tiie pilot when the 
wcraft is to tiie left of the correct approadi 
line and the grem area being predominant 
when the aux^aft is to the ri^t of the cor- 75 
rect approach fine. 

12. A system according to any one of 
the preceding claims, comprising a number 
of different target and fixed stop assemblies, 
each specific to a particular aircraft type and 80 
identified as such, the different targets being 
positioned to guide the pilots of different 
respective aircraft types to dffierent respec- 
tive fixed ground positions. 

13. A system for guiding the pilot of a 85 
ground-manoeuvering aircrSt substantially 

as harein described with refermce to and as 
shown in Figures 1, 2. 3, 4 and 7 or Figures 
5, 6 and 7 of the drawings accompanying the 
provisional spedfication. 90 
R G. AMANN, 
Agent for the Applicants. 
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